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‘Division 11 OSRD No. 5154

NATIONAL DE-EENSI;: RESEARCH COMMITTEE
of the - G :
OFFICE OF SOIENTIFIC RESEARGH AND DEVELOPMENT

‘ Section 1l.1

OXYGEN PLANT DEV.LOPMENT
EMPLOYING REGENERATIVE CHEMICGALS

Service Directive NL-B42; NS-117

 Bndorsement (1) from H., M, Chadwell, Chief Division 11
to Dr, Irvin Stewart, Executive Segretdry of the National
Pefense Research Committee, Forwarding report and notings

"This report covers oxygen generating plants
utilizing the absorbent "Salcomine." The
plants were designad by the M. Vi. Kellogg 0o,
and such construction as ‘took place ‘'was done
by the American Machine MNefemse Corp. . The
shipboard unit, thougl: completeéd, was super= °
‘sedéd by oné designed and constructed by the
A. M. Little Co. (ilow installed on a Naval
Vessel). The truck-mounted units weré early
abandoned as non-competitive with liquifaction
‘utits. Other units were largely experimental,
This work was complete¢d about tvo years ago."

e .
.

This is a progress report under Contract

) 11-2ll, OEM.w=365
with M. W. Kellogg Co. and a final report under Jontruct
11-261, OEMsr-439 with American Machine Defense Gorporation,

. . . .




‘March 16, 1945

Subtmitted by:

Malter E. Lopo—

for
The M. W. Kellogg Company

(13 0efeins,

C. Bockius
for
American Machine Defense Corporation
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This report contains a description of the work
performed by The M. W. Kellogg Company and the American Machine
Defense Corporation for the Naticnal Defense Research Committee
in the developnent of uxygen plants enploying regenerative

chemicals.
In additicn to a chronological description of each

plant or atudy involved in the program, the roport contains
a bibliography of correspondence, mcaoranda, reporis and speci-
fications dealing with equipment detuils and cperating ex-

periments.
Detailed procoas culculations and a llst of all

drawings are supplied for the Shipboard (C-2) unit, the only

complete unit irbricated by the oontracthqé compznies. Process

calculations and detuiled desizns are not furnished for plants
which were studiod but not erected.




GENERAL DESCRIPTION QF WORK

Exalininary Activities

In Docember, 1941, ocxploratory discussions were

held between reprcsentatives of the National Defense Ressarch
Committee and The M, W. Kcllogg Company. In the following
month, Jamary,1942, Kellogg formally agreed to become the
central engineering agency for the NDRC oxygen program. On
Jamuary 27, Kellogg repregentatives attended a general con-
ference on oxygen problems convened at Massachusgetts Institute
of Technology under the gponsorship of the NDRC oxygen section.

At this mceting it was madie clear that high hopes
were entertained for mobile oxygen plants based on the use of
the reganerative chomical "Salcomine". Preliluinary engineer-
ing studies by Dr. Gilliland's group at M.I.T. had indicated
that attractive ylelds of oxygen could be absorbed from the
atmosphere by beds of Salcomine undergoing what: then seemed
to be moderate changes of temperature and presczure.

During February negotiations were carried on between
the NDRC and the American Muchine & Foundry Co., which finally
culminated in the granting. of a contract tc the Amcrican Machine
Defenge Corporation, a ncwly formed subgidicry of American .
Machine & Foundry Co. Kellogg meanwhile hegan precess and equip-
ment studies for mobile truciz Salcomine units producing 1000 cu.
ft./hr of high purity oxyren. The difficultics tc be overcome
in this work were materiaily and unexpectudly awmented by the
realization that mobile units fur field service would be requir-
ed to operate in all climatce without depenience on external
agents other than the local atmosphere and cngine fuecl.,

This requirement was made only toc clear in a dis-

ocussion between Kellogg representatives and Capt. Beverly (U.S.
Army Engineer Corps) cn February 6. Thc nobile unit was thus
seen to require not only air and oxygen compressors (driven by
gasoline angines) but also heating and cooling devices to move
the Salcomine through the necessary temperature range. Atnmos-
pheric air became the basic cooling medium while all heat had
to be obtained from engine fuel.

To establish designs which would meet the most severe
atmospheric conditions that might be encountered in all for-
secable combat areas, i1t was decided to design all ground units
for operation in air at 120°F with a dew point of 80°F, a con-
dition which might occur in Pucific Islends lying near the
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Equator.

The Salcomine program also visualized the develop-
ment of units for use on shipboard and in long~range bombing
planes. A ground unit capable of being separated into rela-
tively small sections for trunsportation by plane to romote
localities (so-called "air transported" unit) was also con-
templated, but at the period in queaticn, February, 1942,
groatest emphasis was belng placed on mobile truck units for
use by the Engineer and Air Corps.

A then-recent develcpment by the M.I.T. group
furthor restrictecd the design of the equipment. DMost re-
action vessel designs under discussion invclved fixed beds
of powdered Salcomine surrounding coils or pipes for the
heating and cooling fluida. In vicw of the poor heat-con-
ducting properties ¢f Salcomine,it would have been highly
desirable to employ heat transfer tubes fitted with fins,
ribbons or other extended surfaces - thereby greutly shorten-
ing the timo required to heat or cool the powder through a
specified temperature change. Unfortunately the powder, as
then prepared, packed inte a very rigld cake in the course of

operation. It was therefore agreed that it would be almoat
impossible to remove Salcomine from a reactcr fitted with ex~
tended surface tubing. Reactor designs werc to be drastically
restricted to those contalning plain tubing arranged for easy

cleaning.

At the same time, Kellogg undertuck discussions with
the Clark Brothers Co. un the specifications for the air and
oxygen compressors in the proposed Salcomine units.

During March designs were prepared in some detail for
two mobile truck units. These designs differed from one another
principally in the shape and internal tube arrangements of the
heating surfaces. Both proposed tc supply heating and cooling
by a contimiously circulating refrigerant which was to act as &
heating medium at high pressure and a cooling mediun at low
pressure.

However, whon preliminary mobile unit designs were
completed it was apparent that Salcomine units would be hoavier,
larger and more complex than units of the same capacity produc-
ing oxygen by the employment of liquid air cycles. Tius, it was
estimated that a chemical truck unit producing 1000 cu.ft./hr.
would weigh about 8 tons (exclusive of truck or trailer) and
would require engines developing about 180 horsepower. Corres-
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ponding liquid air units, it was believed, would weigh about
§ tons (exclusive of truck or trziler) and would require

about 80 horsepower.

On March 20, at a meeting with the NDRC oxygen staff,
Kellogg represanitatives preposed the abandonment of the Szalcomine
process for moblle truck units. During this meoting it was point-
e«l out that rocent laboratory work at M.I.T. indicated that an
adiabatic unit might ultimately be realized. This unit would
operate over a narrow terperature range using very high pressure
nir (600 pni or greater) in the ahscrption egtep. Such an
arrangement would dispense with the eluborate heating and cool-
ing apporatus required for lower pressure operation.

Accordingly, it wae ggreed te suspend all further
work on truck units until a laboratory evuluation of the
adlabatic cycle i been made. Mocnwiile, studies of units
for generating oxyzen on shivboard were to te incugurated.
These units would depend on ahip supplies ¢f steam and cool-
ing water, and would therefore, be much amaller and simpler
than the completcly self-contained truck units.

ard U C-

On March 26, Kellogg ancd NDRC representatives con-
ferod in Washington with cfficers of the Bureau of Ships(USN)
. to establizh the major feutures of th: shivboard unit. It

was agreed at that time to eonstract a wult sinilar to those
. previously proposed for tho {iruck uniis, but rclying on
supplies of stean and cooling water from external sources. In
additicn, the unit would Le designed to generate oxyzen at 20
psig pressure which was then considered adequuate fcr cutting
torch use and which would obviate the neeu for an cxygen com-
pressor. It was decldod to employ reuctors containing flat,
removable coils for the heat transfer flulds with the powder
bed surrounding the couils,

Drowinge and specifications for most of the necessary
equipment in the shipboard unit (type C-2) were delivered to
American Machine Defenge by the end of March., These were prompt-
1y forwarded to the Whitlock Mamufacturing Cempany at Hartford,
Connecticut, which hud undertaken to fabricote the pressure
vessels and erect the unit as sub-contractors to American Machine

Defense.




The general procedurc followed by the partici-
pating companics during the ansuing week: was:

A) Kecllogg made process calculations; pre-
pared detalled flowshects; designed
and preparod assenbly drawings for
pressurc vessels and other items; pre-
paret detalled specifications; preparcd
detailed piping drawings;

American Machine Defensc, upon receipt
of the foregolng materinl from Kollogg,
reviewcd all designs anc suggested
improvenents on the bagis of their
nanufacturing expericnce; issued pur-

. chage orders for all nutericls and parts;
arranged for shiprent and delivery of a2ll
iteans to their plant or tv Whitlock; pre-
pared shop detall drawings; arranged with
Anerican ilachine & Foundry Co. for fabri-
cativn of all parts requiring close machine
work; chipped to Whitlock all items ce-
livered to or fabricated in their plant;

Whitlock tuok delivery ond iaventoried all
items required in the assembly of the unit;
fabricated the pressurc vessels and other
heavy pleces in zccordance with instructions
fron Kelloge and American Machine Defonse;
constructed supuorting strmctures; assembled
piping; erocted the entirc unit; supplied
utilities fron their plant systen.

As originally designed in March, 194Z, the unit was to
operate on air at 275-300 psi pressure. it about this time the
M.I.T. group undertook a study of the decline in activity cx-
perienced by the Salcomine in use. It was soon noted that,when
operated at these pressures, the chemlecal lust mcst of its
activity in much fewer cycles than it did when operated at about
100 psl. By then, cunstructicn of tho unit was well advanced
and it was decided to leave the design unchanged tut to oporate
at air of about the latter pressure. Uncor these circumstances,
with a large air suprply aveilable, procesa calculations indicated
that the unit would produce only 600 cfh instoad of the 1000 cfh
which was predicted for the higher pressure cperatioa.

It was alsc discovered that generation of oxygen under
20 psi pressure (as contempluted in the meeting of Murch 26)
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would be very harmful to the chemical activity of the
Salcomine. Accordingly, cduring the month of June it was
decided to desorb the oxygzen from the reactors at atmospheric
pressure and to employ a 2-stage oxrgen compressor to raise
the final oxygon pressure to 150 psi(which vwas felt to be
necessury for under-water cutting work). A compressor for
this service was ordercd at that time from Clark Brothers.

The construction of the unit wus greatly delayed
by many shortapges of critical matorials and components, =
condition which huamperad the entire war production program
during most of 1942, As originally deczigned for shipboard
service, thec reuctors wer: to bc cooled by clrculation of
sea vater through the internal coils. These wero to bo of
cupro-nickel alloy and were to be conmnectad by headers made
from cast Moncl metal. It soon developcd that these
matericls were almost unobtaincble under the priority ratings
then assigned to the projcet. Iuring iay tihe unit was
dractically rerised to permit the use of uore abundont
materials, with a censcguent loss in operating flexibility.
Fresh water was tc be used ~3 the ccolant; the cupro-nickel
tubes were replaced by bracs; and the ¥onsl castings oy built-
up assenblies of cavbzn steel. IFor marine use, the fresh
water would bo cooled in o cupro-nickel, shell-and-tube ox-
chenger against o strean of sen water. This ccheme merely
shifted the critical alloys from the reacturs to tho heat
exchanger, but resulted in as overall suving in time required
to develop “he uuit, It wes reulized *hat o conslderzble
quantity of test work would be requived ut o shere station
before the unit cculd be inatidlud on o shdp, and it was
clear that the tine requirud fer the shore testing (whick
would be done with fresh water as the ccolant) wouid be ample
for obtaining the cupro-nickel exchanger.

During June and Juiy it bucame cvident that operations
were moving very siowly at the Hartford plant of the Whitlock
Co. This waug nct surprising becausc Whitlock was corrying an
oxtramely heavy production schedule cf equipnent for tho Navy
and the Rubber program. This condition, combined with the
acute shortnge of pood mechanic and engineor personnecl, made
it impossible for Whitlock to give tho experimcont:zl oxygen
unit the cloge attentica which it required.

In Mugust, therefore, American Macidne Defcnse
stotioned one of its developnent zanginecrs =t the Hurtford
plant with instructicns to push shead the fabrication of the
C-2 unit. This arrangement produced a neteworthy inprovenent,
but to expecite matters furtner, Kellogg placed a menber of
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its Operating Department at Whitluck to couperate with the
Anerican Machine Dofense representative in hastening the
Job, It was then learncd that certain key components fer
the unit hac been incorrectly or carelcesely fabricated and
were unusable. T¢ eliminate further cazes of this sort,
Kellogg inspectors macde regular visits to the job during
ensulng woeks and passed "official" judgment o¢n current
production.

Of the four rcactors employed in the complete unit,
one was placed in operation on November 12, to be jeined by
a sccond reactcr the following day. The third reactor went
on streum on November 28, and the last reactor was realy by
December 14. Fxhoustive stucics werc made to establish the
bost operating conditiuns, but -in spite or ull efforts, the
maximum production was only 300-400 cth., This low prouuction
wag attributed to several factors:

4) Poor heat transfer charucteristics of
the pluin bress tubing used to heat
and cool tite Salcomine.

B) Insufficizut air supply to the rsactors.
Because of limitoticns in the Whitlock
comprossed alr system, the unit usually
received 4000--500C cfh at 80--85 psi
ingtoad of the expected 8500 cflii at 90-
100 pei.

The unit was glven a proilminury demonstration in
December before representatives of the Sureay of Ships and
the NDRC. At that time pling were made for a more formal
showing as soon as all mechanical work wis cumplete. It was
also agreed that Kellogg would construct a scale mocdel of
a proposed shipboard unit, similar in genoral to the existing
C-2 unit but rearranged and revised to occupy minimum space.
This model was intenled to demonstrate to Navy officials the
layout possibilities which might be attained in future units.

During January the oxygen compressor was receivod
from Clark Brothers., It was installed with an electric metor
drive and, after & fow prolininary acjustments, was found to
glve satisfactory servica.

In order to improve the heat transfer characteristics
of the reactors, it was decided to install fimaed coils in
place of the existing smooth c.ils. It will be recalled that
the smooth coils had originally been selectced to facilitate
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removal of caked Salcomine from the reactors. During the
Summer of 19482, however, the Rumford Chemicel Works had
developec a grade of Salcomino powder which did NOT form
solid cakes in use. Since this non-caking material was

now available ror use in the C-2 unit, it became practical
to employ finned coils to improvo heat transfer. Such coils
were designed by Kellogg and ordered by American Machine
Defense from the Rome-Turney Cowpany at Rome, N.X.

On January 20, 1943, the unit was formally demon-
strated to representatives of the Bureau of Ships and the
0ffice of the Coordinator of Scientific Research und Devalop-
ment (USN), in the presence of the NDRC cxygen staff and
personnel of the participating contractors. Bureau of Ships'
ropresantatives oxpressed great interest in the unit end urged
that the finned coils (then on order) be fubricated and in-
stalled with all possible speed. It was stated that when this
work was complete, the unit shculd be prepared for shipment to
an overgeas bugc where it would be placed in regular operation
to augment a critical oxygen shortage.

During February, one sct of the new finned coils was
recelved and placed in service. Performunce in the reactor was
greatly improved and it was calculated that, when the ontire
unit was so equlpped, producticn would eazlly reach 500 cfh
even with the restricted air supply available. The remaining
finned coils were reccived and installed during March.

By this time it becume cleur that the Bureau of Ships
was not going to place the unit in immediato service. All equip-
ment was therefore disuentled und shipped to the Central Engineer-
ing Laboratory of the Oxyren program at the University of
Pennsylvania. ' It was ogreed that tho unit would be reassembled
there if Navy interest revived.

The dolivery of the unit, on April 16, 1948, to the
Central Engineering Luboratory terminated the work of Kellogg
and American Machine Defonze on the development and design of
shipboard oxygen plants.

Shlpvard Undt (C-4)

In the carly part of 1942 a critical shortage of oxygen
existed in some of the recently established shipyards in various
parts of the country. During Morch of thot year the NDRC re-
quested Kellogg to prepare preliminary designs for a Salcomine
unit to generate oxygen in chipyarus, drawing utilities from
local supplies. Kellugg eccerdingly propesed a slight modifi-
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cation of the shipboard unit for this service. Specifications,
flowsheets and drawings for this unit were submitted to the
War Production Board, the Shore Facilities Section ‘of the
Bureau of Ships and the Off'ice of the Coordinatur of Scientific

Resocarch and Development of the Navy Departunent.
No further action was taken by Kellogg.

Mabile Truck Units (C-IA and €=1C)

As was previously stated,active design work on these
units was temporarily suspcnded in March, 1942, pending further
laboratory studies at M.I.T. During the next two months
further experiments made it clear that adiahatic processes
would not prove advantagoous for the mobile truck units. In
May, therefcre, process studies were resumed on truck units
simdlar to the types outlined in February and March. Kellogg
continued to bcolieve that the Salcomine process was not suit-
able for truck use in any form, but the project was continued
at the ruquest of the Army Air Curps and the NDRC. Thig de-
cision was motivuated by the realizaticn that many nspects of
the nilitary oxygen jrogram were not then completely clarified
and that, as yet, nuv possible research lead could safely be
neglectod.

The prims contract for fabricaticn and assembly of
these units was placed with the Indepencdent Engineering Company
at O'Fallon, I1l. A sub-contract for pressure vesscl fabri-
cation was arranged with the Whitlock Manufncturing Company.
Each unit was to be mounted cn two trailers, cne containing
the Salconine reactors and the other carrying the engines and
compresgors. It was further agreec that the compressor-engine
trailers for each unit would be fabricated and assembled by
Clark Brothers as sub-contractors to Independent Engineering.

Detalled design and purchasing work was begun at
once., Due to the usual delayz in cbtaining critical materials
and components, many months elapsed before assembling operations
could be started., In the meantime, the development cof mechanical
units in other parts of the Kellogg organization proceeded very
favcrably while the original disadvantages noted in the Salcomine
units persisted despite prolonged research efforts in'many

quarters.

At length, the Army Air Corps agreed to the cancel-
lation of these units. On November 24, the NDRC ordered its
contractors to terminate their activities and ship any non-
returnable or partly fabricated components to the Central
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PEngineering Laboratory at the University of Pennsylvania,

Kellogg's work in comnection with cancellation
and return of materials was concluded in February, 1948.

Bogbing Plang Unit

Daring May, 1942, numercus process and equipment
studies were nace in an affort to devalop a small Salconine
unit which would doliver 100 cfh when oporated in a bombing
plane at high altitude.

With the infermation then available, all Cesigns
eppeared unattractive because of weight and sizo require-
ments. The project was accordingly tabled, pending the
development of more active chamical adsorbents for this
very exacting service.

Several monthe later, work wus resumed by the M.
I.T. group an, after numerous studles of reactor designs
and other variables, was pormanently dropped.

Modical Corps Unit

During May, 1942, numerous process and .guipment
studies were nade In an effort to develop a small Salcomine
unit tc meet tie requircments of the Army Medical Corps.
Due to the dirficult hext ond pressuro requirements pluced
upon sclf-contained units, it was agreed that tho Salecomine
process wad not attractive for the service cuntemplated,
The project wac dropped.

ed C

Detailed proceus studlios for this unit were under-
taken in September, 1942. In addition to the usual rogquire-
nents confronting sclf-contained units, this unit was to be
capable of rapid field aossenbly frum packages not exceeding

- 20" x 34" x 50". Pieces cof cquipnont and cases smallor than
thege dimensicns were conaidered to be suitable for trans-
portation by air to remote localities.

A design was develcped, based on a group of packages
of the allowzble size, in which each packaze performed only a
few of the functions demanded of the overall unit. The main
package contained two Selcumline reactors which were to be
heated and cooled by recirculaticn of pgas through tac powder




beds. The recirculating gases were heated, or cooled, in
exchangers which contacted & circulating refrigerant system
not unlike that propcsed for the mobile truck units.

Preliminary information on this plan was presented
to the NDRC on Octcber 8, 1942. Kellogg took no further
action on the prcject.

Hduld Fowder Study

During the preliminary process studies made in
February, 194%, Kallogg investigated the possibilities of
applying the fluid powmier technique to the Salcomine process.
This new method for handling gases and golids was then find-
ing very wide npplication in the expanding aviation gasoline
program, and it socmec reasonable to conaiaer its utility in
the task at hand for the NDRC.

Preliminary designs did not seen attractive because
of tho very large pressure changes to which the fluidized gas-
powder mixturc would be subjocted. It was felt that no
further process stuiles should be made until some laberatory
work was done to dotermine whother or not the oxyzen-naking
process would actually occur under fluid powder conditions.,

In July of the same year, Kellogp submittod to the
NDRC an estimate covering the ccst of orecting and operating
a Salcomine fluid powcer pilot plant at tiie Kellogg Latora-
tories in Jersgy City, N.J.

The proposal was nol authorized and Kellogg did no
further work on the matter. )

Migcelloneous Procops Studies

Kollcgg preparad engineering appraissls of several
process and equipment schemes develuped by other participants
in the NDRC progrem. Among thesc were:

4) c -01. D 0

Prelininury studies were made by
the DuPont Coupany «f a plant
circuluting suspension of Salconine
in white oil. A flowshect for a
truck unit prepared by DuPont was
appruised by Kellogg. It was con-
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cluded that such a unit would
not compare favorably with
1liquid air units of the same
capacity.

B) Screw-Convevor Unit

Brief engineering studies were
nade by Kellogg of a unit develop-
ed at the University of Iowa.

This unit employed Methomine (a
then-new Salcomine derivative)
which was moved through the
process cycle by a system of
scrow conveyors. The unit was
not recommended for further con-
sideration.

C) Ieagle duMotay Process

Kellogg indpected the pilot plant
erected by DuPont for their medifi-
cation of this process. After a
review of energy and equipnent re-
quirements it was concluded that
the proceses might be applicable
for shipyand unita. It was not
conslderod suitable for truck or
shipboar¢ gcrvice. Kellogg sub-
mitted a report on thece findings
to the NDRC on December 16,1942,
No further action was taken.

Mlacellanocoug Shop Work

In addition to activiiies previously described, the
American Machine lefcnse Corporation ordered and supervised
the execution of several miscellanecus fabrication jobs in
the shops of the parcnt company, the American Machine &
Foundry Company.

Anong these were:
4) Fabrication of several Collins-type heat exchangers

for the mobile mechanical units ané
for rescarck studies at Yale University.

B) Autumotic, timers (uccording to Kellogg
designs) for use on the Salcomine
and mechanical truck units.
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Detniled information concerning the work summa-
rizec in this report will be found in the following
tabulation of correapondence and reports (arranged by
type of unit or project):

Shipboard Unit (C-2)

A) M. ¥. Kellogg Company equipment specifi-
caticns datod April 25, 1942(revised
June 1, 194R)

B) M. W. Kellogg Coumpany progress reports to
NDRC (July 15, 1942 through April
15, 1943).

C) M. W. Kellogg Company Report "Small Oxygen
Plants (Salcomine Process) for Ship-
board Installation®, January 19, 1948.

Shdpyard Unit (C-4)

M. W. Kellogg Company oqui.mmt specifi-
cations deated April 20, 1942(revised
Uoy 14, 1942).

Moblle Truck Units (C-ii ond C-10)

M. V. Kellogg Company progross reports to
HDRC (June 15 through December 165,1942)

M. W. Kellogg Company lettcer from VWalter E.
Lobo to C. C. Furnug at NDRC Washington
Office, Moy 25, 1942,

1 C-
M. W. Kellogg Company letter from Valter E.

Lobo to C. C. Furnas at A. D. Little Co.
New York City Office, Octoher 8, 1942.
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Tudd Powder Study

M. 7. Kellogg Company letter from Walter E.
Lobo to C. C. Furnas at NDRC Washington
Office, August 6, 1942,

Zeasle dulotay Process Study

M. W. Kellogg Company letter from Walter E.
Lobo to E. P. Stevenson at A. D, Little
Co., Cambridge, Muss. 0ffice, December
19, 1942,
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PROCESS CALCULATIONS

Basis of Design ( As of March 10, 1942)
Output -~ 1000 CFH Oxygen at STP (60°F, 1 atm)

Number of Reactors -~ 4
Cycle Time on Each Reactors

Absorption 31 0n
Evacuation 20"
Heating and Desorption 5140m
Valving "
Cooling 2150"
Valv "

= 12100"

Absorption Pressure 250 1bs gage
Desorption Pressure Atmospheric
Absorption Temperature 35°C - 95°F
Desorption Temperature 100°C - 212°F

¢ Oxygen in Compound
After Absorption 3,65¢ based on weight of compound

% Oxygen in Compound

Before Absorption 0
Yield 3.35 From data in letter of
December 4,1941 from E.R.
Gilliland to C.C. Furnas

%€ Oxygen Desorbed 93% of Oxygen Absorbed

True Density of Salcomine 1,5
Packed Density of Salcomine 0,7

Exit Gas Rate 4 COFH per 40,7 GiiS of Salcomine at
25°C and 1 atm

Qompound _Required
Weight of Oxygen Produced = 100_2%2 = 2,6 mola/hr x 32=84.5 1bs/hr

Assuning 3% Loss in Voids,etc, O, Desorbed = % = 87,0 1lbs
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Process Calculations
C~2 Unit
Page - 15 -

Sompound Required Contd.

Frequency -~ 5 complete cycles/hr

Weight of compound= 3%..,9. x-l% = 519 lbs of unsaturated compound

= 519 x 1,045 = 54,2 1lbs of saturated compound
Compound per reactor = 2’? = 135 lbs

Adr Bequired (for absorption at 250 1bs/sq.in. and original cycle)
Exit gas rate = 4 CFH per 40.7 GRS of sat. Salcomine at 25°C
Total exit gas = 235 X 4ok . . = 5820 CFH

g 507 X4 X % 58

Airinput-5820+10000FH02-68200FHG60°F,1atn

0. yield = 1000 -
27 %820 x.21 10 = 1%

Reactor Eam

28 flat spiral coils of 9/16" 0D copper tubing, turns 7/8"
between centers with the horizontal coils 0,76" apart.

Fraction Vold in Salcomine

packed density 0.7
true density 1.5

= 1 . Packed density - 1= 1.
Fraction void = 1 ~ &= density 1- 75 = 0,53

Estizated Weizht of Resctor

Coils and coil fittings 185 1bs
Flanges and bolts 160 1bs
Top heed 60 1bs
Bottom head L. 50 1bs
Botton header 75 1bs
Top header 30 1bs
Shell, core, screens 145 1bs

705 lbs
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Process Caleculations

C~2 Unit
Page = 18 =

Xffoctive Compound in Reactor
* Beactor Volume

Shell 24,75" ID x 21,375 h
3.00" OD core

(24,752 - 32) = x 21,375 = 10,140 cubic inches
Lewer Head

,.(_._.._ .. ...l
' o '--T -

;./—7 ‘.'\ 21,5"/4
/ ‘.

Vol.lhead_--% -g-n‘n.zb whereb-%t: anda-%j

y .
V= 3.;:. \ algi)a - -g— (9938) = 1300 cubic inches

[T ) -. '-1-54-
- /

w (s)é

————pn

Vol, of cylindrical part (1) = - (24.75)% x 1.75 = 842 cu.inches

Vol. of part (3) = < 9 x 7.25 = 2,2 cu. inches

Total wol, = (1) + (2) -~ (3) = 1300
+

ﬁ% ~ say 2190 cubic
inches void




CONFIDENTIAL
Process Calculations
C-2 Unit
Page =17
3
(1) Vol. of ellipsoidal part = & 77 3pdl” « FL (14706)= 1925 cu,in,

Neglect effect of glass wool

o |

(2)

(2) Cylindrical part -
Ve ;l?: (24,57 - 49) % = 378 cubic inches

(3) ve 52’-?.— x 2 = 77 cubic inches

(4) Vol, of tubes = 4,75 x(%z\}z Jli'— x28 =33

Total vol.= (1) + (2) ~(3) ~(4) = 1923 7

oo B

E%'g say 2200 cubic inches

!om of Pancake gou!

Average coll length = 35,5 feet overall = § to F
F i gn C-B = 1-3/8
E “-* A-B = 11-5/8 - 1-3/8 = 10-1/4

D " *.BCDE = 35,5' ~ 18-1/4"
- 35-5' = 1-5' £ 3‘& feet

.*.Vol, of BCDE = 34 x 12 x({-g“2 JE x 28 = 2840

)

Vol. of BA = 10,25 x 28 x(-z-; -{I = 172 cubic inches
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Process Calculations
C~=2 Unit
Page - 18 -

Yolume of Pancske Coils Contd,
Total tube vol, = 2840 + 172 = 3010 cubic inches
- 3 -
Spacer volume ‘3“%"6%"5"8" 60 cubic inches

Tubes and spaicers = 3070 cublc inchea
Net compound volume = 10140 = 3070 = 7070 cubic inches = 4,09 cu.ft.
Welght of compound = 4,09 X 62,5 X ,7 = bs/rcactor

dctive Portion of Compound
Edges Assume Salcomine within 1/2" of tubes will desord

<" A layer of compound 3/4" deep will be inert all around
the walls,

Volume of this annulus = approx. 24T x 21,375 = 1610 cubic in,
less vol, of BA
0 cubic in,

inert
Center: Radius of inert core = 3%
Volume of annulus = (62 - 32) -F x 21,375 = 453 cublc inches

Volume of ED - 28 xe-gf -F X 10" = 70 cubic inches

Net volume = 453 ~ 70 = 383 cubic inches inert
Total = 1440
I82; = 1,1 cublc foet

1,1 x .7 x 62.5 = 48.3 1bs,inert compound
say L9 lbs.

Effective compound = 179
=49
130 lbs,

3 A A IO S
Eah - Dt VRN * T L
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Process Calculations
C-2 Unit
Page = 19 =
ted Reactor Perfo ]

Reactor &s designod contains 179 lbs, of saturatced Salcomine
of which 130 1bs, are effective,

Meximm Expected Productjon (for max, consumption of utilities)

Abs, tamp. =~ 62°F at 105 1bs/sq.in.abs,
Desorb temp,.~212° F at atm,

cle Abs, = 6 min,
Degs, = l‘ min,
c°°1 - 2 min.

Vace =_1 min,

12-1/2 min,

frequency = % = 4,8

BExit gas rate = 4 CFH/40,7 grams Salcomin: € 25°C and 1 atnm,
Absorption = 3,47% from completely desorbed Salcomine
Desorption = 93% '
Residual 02 = 3.‘06 X .07 - 0.2
Not yield © = 3,45%
02 production = 130 x 0,0345 x 4 x 4.8 = 86.1 1bs/hr

loss void loss which = 4,2 x 0,065 x 4 X 4.8 = 8,1 1lbs/hr

Net production = (86,1 - 8,1) x %.% = 925 CFH

Ve
Alr consumption = 2 (u-zzo&.#z‘ x &4 x%)+ 925 = 16385 CFH

0p yield = ydf2mr 100 = 27%

Cycle As Designed (12' total, 3 min. abs.)

Exit gas rate - 4 CFH/40.7 gr. Salcomine at 25°C

Absorption = 2,25%
Net yield = 2,23%

0, production = 130 x 0,0223 x 20 = 58,0 1lbs/hr
Void loss = 4,2 x 065 x 20 = 5,5 1bs/hr
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Process Calculations
C-2 Unit
Pa.ge -0 -

3 Desi Contd.
Net production = 52,5 x %%g; = 622 CFH

MGonawtim-u%’&-%&xhx%om-BJﬂ CFH

Oxygen yield = ﬁ‘%ﬁ x 100 = 258

m! of Product

Volume of reactor shells = 2300 cubic inches - upper head
+ 2190 * " -~ lower head
L9 " total = 2,6 cubic feet

Most rocent data at time of writing, October 5, 1942, indicates
that Salcomine is 39% voids and weighs 42 lbs/cu,ft,

Volume of compcund per roactor = 4,09 cubic feet

% = density of Oy left in powder
Volume of gns in Salcomine voids = 4,09 x ,39 = 1,6 cubic feet

Total volume of rcsidual gos =
vol, in voids + vol, in hends = 1,6 + 2,6 = 4,2 cubic ft,

Assume this gas is air because reaction rate is nearly zero at
end of absorption,

«'Nitrogen in residual gas = (4.2) (.79) (f&) lbas, = 3.3/%
where ’A,G = air donsity in voids

Oxygen evolved = %6—2 lbs/hr = 4,22 1lbs/recctor per cycle

. 3.3 /% 330 %%
/g st 80° and 760 muHg = 0,076 lbs/cu.ft,
,OG at 80° and nny pressure (Pmm) = 0,076 x -7-% -

For prossure after evacuation of Pmm, average & “2 in 02 is

% Ny = (19) {&:06)(p) = 0,0079 P

COHFIDENTIAL
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Process Calculations
C~2 Unit
Page - 21 -
ses (o]

Total voids = 4,2 cubic feet

Density of 0, at 100°C ~nd 1 atm, = 0,065 1bs/cu, ft.

1083 por hour = 442 x 0,065 x 20 = 5,46 lbs/hr
02 product = 84,5 lbs/hr

4 loss = T ’65.h 100 = 6,1%

Qxygen Coolers
Oxygen Cooler (between reactors and compressor) "C-1"

Duty ~ cooling 8445 lbs/hr of 0, from 210°F to 100°F

h of 02 at 210° nnd 1 atm. = 143,2 BTU/1b (G-605.30)%

h of 02 at 100* 2nd 1 atm, = 119,2 " "
A\ h = 2,,0 "

Total duty = (24.0) (84.5) = 2030 BTU/1b

Cooling medium - 85° watcer
Pressurs drop in 0, 4£.0,5 1bs/=q,in,

Oxygen Compresgor Coolers  "C-2" and "C-&"

Suction to lst stage - 100°F and 1 atam.

Discharge from lst stage ~306°F and 49.0 1lbs/sq.in.abs.
Suction to 2nd stage -100°F and 49.0 lbs/sq.in.abs.
Discharge from 2nd stage - 506°F and 165.0 1bs/sq.in.abs.
Suction to holder - 100°F and 165.0 1bs/sq.in.abs.

Compressor discharge temperatures based on n = 1.55 insteed
of 1.40 to correct for non-adiabatic compression.

Cooling medium - 85° water Gp for 0, = 0.22 BTU/ 1b.°F

2
Duty to C-2 cooler = (84.5) (306 - 100) (0.22) = $850 BTU/hr
Duty to C-3 cooler = (84.5) (306 - 100) (0.22) = 8850 BTU/hr
Pressure drop in O gtreams < 2.0 lbs/sq.in.

* Note: HNumber in paventhesis refers to chart in M. W. Kellogg
Company Technical Pata Book.
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Proceas Calculations

C-2 Unit
Page - 22 -

Oxyzan. Comprossor Coolars "C-2 and "C-3" Contd.

Total cooler duties - C-1 2050
Cc-2 8860

2050
9780 BIU/hr

Cc-3

i

Oxyxen Holdor

Dosorption data from E.R. Gilliland on May 13,1942
- 90° C from 35° C 5.537% absorbed

M (0) Shuoched (B) 2P A0 AMAR B &

0 0 0 16.7
4.0 /2 8.0
" 1/2 4.0 4.8 0.5
9.5 /2 19.0 ‘
1 2.9  36.9
12.5 /2 26.0
26.0 25.2  39.4
15.4 26.8
59.4 22.4  34.8
8.7 /2  17.4
48.1 18,5  27.4
8.6 17.2
56.7 18.7 2.7
8.8 17.8
85.5 15.7

8.6 15.2
72.1 < 18.0
10.7 1/2 1.4
82.8 14.2
4.7 1/2 9.4
6 87.5 12.4
8.7 1 8.7
8 96.2 5.0

Calculation of rate of oxygen ovolution as a function of desorption
time. dP/de by graphical differcntiation.

Col, 6 ig table of valucs cf cdP/d@ for onc roactor alone.
Col. 7 is table of values of GP/d0 for two reactors desorbing
with three minutes overlap.
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% 02 evolved/minute

. Procesy Calculations
CONFIDENTIAL C-2 Unit
Page - 224 -

wte of Des i f One Reactor

"€ nin, desorption at 90°C (194°F)"

4 3
LESORPTION TINE - ©
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MINUTES

CONFI'FNTTAT,
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Process Calculations
C-2 Unit
Page - 22B -

Rate of Desorption
—of Iwo Reactors

[
0
1

T

1

T

DECORPTION TIME - 9,LINUTES
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Process Calculations
C-2 Unit
Page = 28 -

Curve on page 2B is plot of rate of Oy cwolution (expressed as
e percent)against time for two reactors desorbing on a three minute
overlap. Data from Col.? page 22 .

Average rate is about 323 in one mimute as shown by line AA!.

Area above AA' is equal to 9% of area below AA', 1.e.,peak loud to
be carried by O; holder is 9% of total flow in three minutes.

Total flow in three minutes = J.ggn x 3 = 50 cubic feet

9% of 50 cubic feat = 4.5 cubic foet - theoretical holder volume.

Use a holder 18" in diameter and 5' long with internal volume of
8.5 cubic feet to ellow 90% safety factor.

Heat uty : ~

Heat Duty to Reactors (for original cycle with 68° water)
Heated Through - Heated Through

it

Coils and fittings 185 .

Flanges and bolta 160
Top head 0 80
Botton head 50
Bottom header

Top hoader

Shell, core, screens

Heat. Duty
Heat of reaction 2.64 x 19,000 x 1.8 = 90,400

& (179)2212 - 68)(0.25)(20) = 129,000

h
560) (212 - 68)(0.10)(20) = 261.000
. 560,400 BTU/hr
Duty to O, coolers 9,750
Total duty $90,150 BTU/hr

CONFIDENTIAL .




Process Calculations
C-2 Unit
Poge = 24 -

Sonling Fater Syatem
Ave, tamp. change in water ~ 100 F
- 290,450 - =
Water rate = 35%3"gn 650 1bs/min. 48 oPu

Fresh water cooler "C-4"
Duty - 400,000
Fresh water rate - 80 GPN
Fresh water temp. changs - 10°
Temp. approach - 10° between sea water in and fresh wmter out
‘Sea water rate - 160 GPM

Sea water temp. chan'ge - 50

Fresh water pump "J - 4" to dcliver 80 GPM at room temp. and
80 1b/sq.in. ga. discharge pressure

Stean System
" Heat duty to steam = reactor duty only = 580,400 BTU/hr

Assuming latent heat of steam at 1000 BTU/1b,
stean consumption =

MU0 « g0 100

say 400
Adalyads of Drver Heat Loada
* Dryer Woight
Assume shell is B8/16" thick x 7-8/4" ID x 38" tall _
S8hell 'ej‘ht ='1‘6' x(% + i%)t 38 x 0.28 lh/c“crtv !1"'3 50 1bs.




Process Calculations
C-2 Unit
Pago = 28 =

Dover Nedght  Contd.
Weight of head =(11 3/6)° <= z Sz0.28 = 18 1be.

W of bottom =(81/0)° AL x & x0.28 = 0 1be.
W, of nﬂu. 3(11 8/82-8 1/82)% tg x 0,28 = 9 lbs.
Bolts ° 10 1be.

Screens 4 1bs.
100 1bs,

Alunina volunme without inner insulation:

(7‘5 -4}'- x 32" = 1510 cubic inches = 0.875 cublc feet

Wt. of alumina = 0.876 x 50 = 45.8 = 4,108,

Heat Duty No insulation

Final alumina temp. = 6500% after heating
Initinl aluminu tomp.= 100°F after cooling
Atnosphoro tanp. = BO°F

Thermal conductivity of steel =k = 26 7= 8q.5t.)(° F)/ ft.

s A
= 2 Bxl2 . —L{hr)(° F)_
steel = 35 = SAE = 0,0012 (BTU) (8q.7t.)

For adr £iln (b, + b)) = 4 B~ porry, 2nd od. page 987
by + By hr.°F 3q.ft. table’ld.

R

e A= - por kD °F
Retn = 1o = ToT = 025 T5) (s0.75])

Total resistance = 0,25 + 0.0012 = 0.2612
Total A T = BO0OF - G0°F = 420°F

= i &
L\T through steel = 420 8m0;2512 w 20F

<"« average finsl steel temp, = 500°F - f = 499°F, say 500°F
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Process Calculations
C-2 Unit
Page =~ 26 -

Nater Abgorption (1 hr. cycle, 50 nimutes drying)

Alr dew point = 8O°F
Vapor pressure of water @ CO°F = (.5067 1bs/aq.in.
Partial pressure of dry air at 1 atm. = 14,7-0.5067 = 14.2 1bs/sq.1in.

Partial pressure of dry alr at 105 psia = 1065-0.6067 = 104.5
1bs./sq.4in.

Water content of scturated air at 1 atm, = 0.02226 1bs water/lb.
dry air (from tables)

Water content of air at 106 psia =

0.02226 x ﬁ-ﬁ = 0,00802 1bs water/1b dry =ir

Design air flow rate = 875 1lbs/hr.
Design water input = 875 x 0.00302 = 2.64 1bs water/hr.

Water absorbed per cycle = 1,52 lbs,

M%M = 5% suturation on alumina

Hoat Lok
Initicl (he + b)) = 2
Final (hc + h‘,) =4 Average = 5 BTU/hr.sq.ft.9F

Dryer Surface Area =

:

8 1,/8" dia.

11 3/8" dia.

11/4" x 11 8/8" xTT x 1/144
0.7050 -~ 0.5600

81/8 xvrx 58 x 1/144

O0.00

F¥F
838

i

say 8.3 sq.ft.

Initial temp. difference = 20°
Final temp. difference = &20°

Mean AT = 220°F
Heat leak = (b + hy) AAT = (5)(8.5)(220) = 5500 BTU/hr

T B R feye P AP g TR A
2 B 2Ny Ins ﬂr‘; . ﬂq;‘“?i -\.Q-.\&..-r i ..’ o

g <
o & g .

;o




Process Calculations
C-2 Unit
Poge ~ &7 -

Heat Leck Contd.

Add 25% for safety 5= heat leck = 7000 BTU/hr
and for 15 min, = 1700 BTU

Totgl Hoat Duty (one cycle)

To Hy0 = 1,32 x 1000 1320 BTU

To alumina i44) (500~80) (0.20) 5700
To metal 100) ( 500-8C) (0.12) 5020

To hoat lenk
31740 BTU in 16 min.

Power rat = dhARL XS -
rato 5420 14 KXW

Insulated Drver
Uso leod slag wool inside shell so that alwnina bed dia. = 6"

New elumina volume = 6 -1}'- x 52" = 906 cu.in. = 0.525 cu.ft.

Weight of alumina = 0.523 x 50 = 26 lbs.
ey Ab tio

In 30 minutos = 1.32 1lbs.

4 saturation = 1..52516{.199. = 5.1% OK

*

= i - 2]-1 L] *

Wt. of insulation(12 lba/cu.ft.) ((? 4) (6) J—¢ * Ja'rlza x 12=4.2 1bs
— BTU

Heut capacity = 0.22 {i.) (°F

Temperature Differences

sad = o — 3
x for lead slag wool = 0.022 _hr.sq.ft.“F/'ft. J J5°F

Upe 0.026 to corrcet for «ffect of higher temperature.
Depth of insulation = 7/8* = 0,075 ft. = L
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Process Calculstions
-2 Unit
Pugs - £ -

Tsmperatura Pifferances Contd.

Inside insulation area = ﬂ%ﬂ‘ = 4,18 8q.ft.

= -'- I‘_ LA Al -
Outside insulation are& Lﬂl-m""‘l vy = 5,40 8q.ft.

Log meen area = 4.8 sq.ft. (E-1.501)

4 resistance of ingulation o = .02 x 4. 0.586 BTO

By (through shall) = Reyyn + R, + Ry = 0.25 + 0.0012 + 0,585 = 0.8362

(Notes Neglecting offect of changes in arca on motal and film
resiatances)

Total AT = 500-80 = 4200

= 008 - = &
ATy = 420 X Fheeo © 0.80°F Mean T, = 206:

AT = 420 LagB. = o =
£ilm 0 X 5.6862 125.69F Kean Tp = 105¢

AT, = 0,585 _ 208.89F
Ty =420 X 7'gzgz ~  420.0°F

F

8580
125,69 o 295.8%+

Initial £ilm QT = (say) 5°
Final film OT = 125.6°

VN -0, s, %

: s TG
a5 T .o
) PP T h ¥ * -
R SR ;‘ . T :-d )

oeN

-a
&
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Process Calculations
C-2 Unit

Poge . 29 -

Heat Look From Shell  Contd.

Moan AT = Rﬁsﬁzﬁ = 66>

(B + n) =2 (AT calculated from (by + b)) = ¢)

Reviged® T1g
Assune (hc + b)) = 2.4

L] .l - + =
Re Zax1 - 047

Ry = 0.417 + 0.0012 + 0,585 = 1.0082

Afpogox L8 0

AT - Q2012 .
m =420 x TW0ge < 0.50°

T, = Q.588
A 420 x JARS = 245,20

Bevised Heat Leak

Mean/\T = lﬂ?ﬂi = goo

Mean (b, + ) = r 2
et ("=5.68 8c.ct.)

Heat leak = (2) (8 47V x B4 Ko0) = 1020 BT0/hr through shell
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Process Calculations
C-2 Unit

Page = 50 =

Aeviged Heat Logk Contd.

Aagumo that rate of heat leak through remainder is at same-
rate a5 in uningulated case.

Remaining are: = 8.27-5.68 = 2.59 8q.ft.
Heat loak = (5)(2.59)(220) = 1710 BTU/hp
Total 2750 " n
for 15 min, 1oak=3}5°=eeo BTU

Heat Duty

To H20 = 1,32 x 1000 1820

To aluming = (26) (500-80) (. 20) 2180
To metal =
sh¢ll - (50}(254.5-80}(0.12) 1050
hends, ete. (59) (500-80 (c.12) 2520
To insulation (-1.2)(553-80)(0.22) 252

To heat leak 660
8002 BIU in 15 min,

Power rate = 8L x 4 _ 9,56 K

5420

Safety factor = A0=Badf | _ o .

Utilitles & Supnlies
Stean

Low pressure - 400 1bs/hp
High pressure (150 1b)- 20 1bs/hr @ rate of 100 1bs/hr

Hater
160 gals/min @ 80 1b/sq.in. ga. pressure

Adr
At 90 1bs/s;.in.gage - 16400 CFH max.

Eectricity

230 v 60 cycle AC, 10 K
CONFILENTIAL

~
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Process Calculations
C-2 Unit
Page « 81 -

- Iresh Uater
150 gale. in system

Salcomine
720 lb! °

Aluning
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Title

5/11/42

8/8/42
6/11/42
8/5/4
9/19/42
5/25/45

Flat Spiral Coll Type Reactor

Flat Spiral Coil Type Reactor

Layout of Piping

Flat Spiral Coil Type Reactor

Flow Diagram

Dryers, Filter and Drip Drum

0, Cooler

Electric Heater

Support Frame for Two Reactors and Piping
Nodified All Steel Construction of Reactor
Typical Piping Arrangement for Flow Recorders
Revision to Construction of Reactor

1t x 5 (80 gul.) Tank

Ad:pter for Reactor Coils and Wrenches
Support Frame for 0il Filter, Dryers and
Drip Drun

Single Tube Keyes~Collins Heat Exchanger
Instrument Pancl

Eloctric Wiring Diagram

Mcdification of Screens in Reactor
"Hopcalite" Gas Filter

Two Stage Oxygen Compressor Piping

MYK-1 . 6/22/42
MWK-A005 6/22/42
MWK-A008 9/50/42
Part MYK-5A1-10 10/1/42
Part MWK-3A1-11 10/1/42
Part MWK-SD1-Blank 10/1/42

Interval Timar Bed Plate

Interval Timer

MK Pneumatic Intervul Timer~Compound Gearing
Interval Timer Drum (36 functions)

Intorval Timer Urum (10 functions)

Interval Timer Segment




DPraving ¢
L~9994-A-1 30" OD Fabricated Steel Top Heud
L-9894-B-1 Fabricated Steel Bottom Hoader

B-9994 Flat Spiral Coil Type Reactor
*A-1 "Lobo Job®™ Reactor Alteration
*1 Top Head Flange (Lobo Job)

#2 Top Head Stuffing Box Body (Lobo Job)
*3 Bottom Head Stuffing Box Bod{ (Lobo Job)
4 Stutfing Box Gland ?Lobo Job

*§ Stuffing Box Parts List

*Note: These drawings bear the Whitlock Title Box corfected to read "AMD
Co."®. They wcre prepared at the Whitlock plant by an engineer
from the Amerdcan Machine Defense Corporation.

Clark Brothers Company Drawinse
8/1/42 2 State Vertical Compressor
8/17/42  uotor Driven 2 Stage Comp. Unit
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Following pages contain achematic flow sheets

of the basic gtages in the _opera.tion of the ghipboard unit.

There is also appended a gketch of the automatic tinmer which
actuates the valvas controlling the various gas and 1iquid
gtreans in the unit.
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passing through the drip drwm, oil filter end reactor durisg aa abeorption
period.  Durisg $his $ime eold water is flowiag through the reastor eoils,
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EXHAUSTER 4-3

T

At the end of the absorption period the compressed air is sent to another

6OLD
- WATER

reactor, and the reactor which has finished absorption is evacuated by means
of the exhauster as shown above. Cold water continues to flow through
the reactor coils.
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DESORPTION FLOW SHEET

COLD WATER

—e———t

FILTER
G-2

COMPRESSOR
J-2

HOT WATER

Yollowing the evacuation period, the [

HOT WATER

exhauster is disconnected from the reactor

and hot water is sent through the reactor ocoils, Oxygen is given
off and flows through ths filter 'to the drum and the oompressor,

Here it is compressed and delivered td storege tanks or cutting

torches.










A description is given of oxygen generating plants utilizing the absorbent ‘‘Salcomine’’.
The plants were designed by the M. W. Kellogg Co., and such construction as took place
was done by the American IMachine Defense Corporation. In addition to a chronological
description of each plant or study lnvolved in the program, the report contains a bibli-
ography of corresp anda, reports and specifications dealing with equip-
ment details and operating experlments. Detailed process calculations and a list of all
drawings are supplied for the Shipboard (C-2) unit, the only complete unit fabricated by
the contracting companies. Process calculations and detailed designs are not furnish
for plants which were studied but not erected.
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